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ABSTRACT

We reviewed the literature on
transcranial magnetic stimulation
and its uses and efficacy in
schizophrenia. Multiple sources were
examined on transcranial magnetic
stimulation efficacy in relieving
positive and negative symptoms of
schizophrenia. Literature review was
conducted via Ovid Medline and
PubMed databases. We found
multiple published studies and meta-
analyses that give evidence that
repetitive transcranial magnetic
stimulation can have benefit in
relieving positive and negative
symptoms of schizophrenia,
particularly auditory hallucinations.
These findings should encourage the
psychiatric community to expand
research into other applications for
which transcranial magnetic
stimulation may be used to treat
patients with psychiatric disability.

INTRODUCTION

Schizophrenia is arguably the
most debilitating of psychiatric
illnesses, psychologically, socially,
and financially.' Starting in late
adolescence to early adulthood and
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with a lifelong course that typically
is characterized by relapses, the
impact of schizophrenia on the
individual who suffers from it is both
pervasive and prolonged. Symptoms
of schizophrenia are grouped in
several ways, one of which is to
divide them into positive or negative
symptoms. Positive symptoms of
schizophrenia include hallucinations,
delusions, disorganized speech, and
grossly disorganized or catatonic
behavior, while the negative
symptoms include affective
flattening, alogia, anhedonia, and
avolition.2.

Pharmacotherapy with
antipsychotic medication remains
the mainstay in the acute and
maintenance treatment of
schizophrenia. Antipsychotic agents
(first, second, and third generations)
have been shown to be most
effective in reducing the positive
symptoms of schizophrenia, but
unsatisfactory in reducing negative
symptoms and the propensity to
relapse.’ Furthermore, almost one-
third of patients with positive
psychotic schizophrenia do not
respond to antipsychotic



medication.* Medication
nonadherence is also a significant
issue in the treatment of
schizophrenia, with nonadherence
rates of over 70 percent during the
course of one year.’ There is also a
significant side effect burden with
antipsychotic medications, including
extrapyramidal symptoms, weight
gain, and metabolic abnormalities,
which may make antipsychotic
medications less acceptable to
patients and their families.

Due to the limitations of
antipsychotic pharmacological
agents, we are in need of alternate
modalities for treating schizophrenia
or augmenting the antipsychotic
medications currently employed.
Neuromodulation is a new frontier in
the investigation of effective
treatment options for schizophrenia.
Among the different methods of
neuromodulation, transcranial
magnetic stimulation (TMS) is one
that has been investigated the most
thoroughly in randomized, controlled
trials over the past 15 years. The
purpose of this article is to review
the literature with regard to the
efficacy and safety of TMS on the
treatment of positive and negative
symptoms in schizophrenia.

TMS BACKGROUND

TMS is a noninvasive
neurostimulation technique that
uses alternating magnetic fields to
induce electrical current in the
cortex of the brain. In 2008, a TMS
device from Neuronetics (Malvern,
Pennsylvania) was the first to be
approved by the United States Food
and Drug Administration (FDA) for
its use in the treatment of patients
who have had a major depressive
episode and who failed to respond to
a single adequate antidepressant
trial. The device was approved using
the following stimulation
parameters: 120-percent motor
threshold, 10Hz, 4 seconds on, 26
seconds off. In 2014, the FDA
expanded its approval of this device
to include treatment of adult
patients with MDD who have failed
to benefit from any number of

antidepressant medications. In 2013,
a TMS device from Brainsway
(Jerusalem, Israel) was approved by
the FDA, also for its use in the
treatment of adult patients with
MDD who have failed to benefit from
any number of antidepressant
medications. TMS is considered safe
and well tolerated.®

The use of alternating magnetic
fields to induce electrical current in
the brain is based on Faraday’s
principle. During application of TMS,
an electromagnetic coil is placed on
the scalp that transforms electrical
activity to pulsed magnetic energy,
which passes through the cranium
unimpeded to induce an electrical
field in the cortex. As a result,
neurons depolarize and generate
action potentials.”

If the frequency of the pulse is
low (i.e., 1Hz or less), TMS has an
inhibitory effect on neural circuits
(through GABAnergic [gamma-
aminobutyric acid-ergic] effects or
long-term neuronal depression
[LTD]).® Conversely, if the pulse
frequency is high (i.e., greater than
1Hz), an excitatory effect will be
generated (through glutamergic
effects or long term potentiation
[LTP]). Pulses can be administered as
single, paired, or in a series, called a
train. TMS delivered in a train is
termed repetitive TMS (XTMS).
While single and paired pulse TMS are
used for neurodiagnostic purposes, it
is r'TMS that has therapeutic benefit
in psychiatric disorders.’

Unlike electroconvulsive therapy,
no anesthesia is required when
administering TMS; patients are
awake and alert during treatment and
can leave immediately following their
session. Adverse reactions can
include post-treatment mild and self-
limited headache, scalp pain at the
site of stimulation, and potential
transient adverse effects on hearing
due to the clicking sound of the
machine, which can be prevented
with the use of earplugs. The most
serious potential adverse effect of
TMS is induction of seizure, which is
rare, with none reported in the pivotal
trial that led to FDA approval and in

which 10,000 sessions were delivered
without seizure induction. Patients
should be carefully screened for
organic brain disease, personal history
of seizure, or family history of
epilepsy.’

According to a case series by
Stanford et al* that examined the use
of high frequency prefrontal rTMS for
treatment of negative symptoms of
schizophrenia, negative symptoms
appear to be associated with
hypoactivity of the dorsolateral
prefrontal cortex of the brain, while
positive symptoms appear to be
associated with hyperactivity in the
left temporo-parietal cortex. Stanford
et al* also suggest that auditory
hallucinations may be due to aberrant
activation of language perception
areas (i.e., Wernicke’s area) in the
left temporo-parietal cortex. Studies
have investigated the use of low
frequency TMS to target positive
symptoms, in theory by decreasing
cortical excitability and possibly
inhibiting dopamine release.'®"
Conversely, high frequency TMS can
target negative symptoms by
increasing cortical excitation and
inducing dopamine release.? Negative
symptoms of schizophrenia may be
reduced by the use of high-frequency
TMS to the left dorsolateral
prefrontal cortex, while positive
symptoms are reduced by applying
low-frequency TMS to the left
temporo-parietal cortex.>!%!

Based on our literature review,
research over the past 15 years
supports the use of TMS as an safe
and efficacious means of treating
positive and negative symptoms of
schizophrenia, with the most notable
body of evidence supporting the
reduction of auditory hallucinations.
However, not all of the studies we
examined showed efficacy of TMS,
and a number of the studies we
examined had negative results.

METHODOLOGY

Literature review for this article
was conducted via Ovid Medline and
PubMed databases. The search was
carried out using the terms 7MS,
repetitive transcranial magnetic
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stimulation, negative symptoms,
positive symptoms, schizophrenia,
and neuromodulation for the years
1996 to November 2013. Searches
were conducted for original papers,
reviews, and meta-analyses. A hand
search for relevant publications was
conducted using references of
articles reviewed. Articles included
in our analysis were randomized,
controlled trials and meta-analyses,
while individual case reports, case
series, and opinion pieces were
excluded. Our searches yielded a
total of 45 papers. Of these, 31 were
considered relevant, and all of these
studies were included in our
analysis. Articles that were not
published in English were excluded.

RESULTS

TMS for positive symptoms.
Clinical studies. In 2000, Hoffman
et al”® conducted a double-blind
crossover study of 12 patients with
schizophrenia. Patients received 1Hz
TMS at 80 percent of the motor
threshold over the left temporo-
parietal cortex for 15 to 30 minutes.
All of these patients remained on
their antipsychotic medications, and
their auditory hallucinations were
assessed using the Positive and
Negative Syndrome scale (PANSS)."”
Reductions in hallucination severity
were found to be significant after
active treatment as opposed to
sham. Interestingly, it was noted
that in patients on anticonvulsant
medications, treatment effects were
reduced. This could indicate the
need for higher stimulus dose or a
reduction or omission of
anticonvulsants. Also the dosing
here was infra-motor threshold,
making it unlikely that the trial
would be positive."*

Hoffman et al extended their data
further in 2003 with a double-blind,
crossover trial* of 24 patients who
received 1Hz TMS over the left
temporo-parietal cortex at 90
percent motor threshold for 8 to 16
minutes over seven days while being
maintained on their current
psychotropic medications. Diverging
from previous protocol, auditory

hallucinations were assessed using
the Hallucination Change Scale' as
the primary measure. Seventy-five
percent of the patients
demonstrated a positive response
following the active phase of TMS
compared to 17 percent in the sham
phase. Patients also carried a
counter to track hallucination
frequency, for which the active
group showed a linear decrease over
time. For more than half of the
patients in this trial, treatment
effects lasted 15 weeks."

In 2004, McIntosh et al*®
attempted to replicate the results of
the Hoffman et al* study. Sixteen
patients received 1Hz TMS over the
left temporo-parietal cortex at 80
percent motor threshold for 8 to 16
minutes for one week before
crossing over to sham treatment and
vice versa. Auditory hallucinations
were evaluated using PANSS.
Interestingly, 11 of these 16 patients
had received clozapine in the past.
No significant effect was found
between the active treatment and
sham groups. However, this
population of patients, with known
past treatment failures, may have
been particularly resistant to
treatment. In addition, the very
small sample size indicates that this
study was underpowered to detect a
treatment effect between groups,
and its design is subject to carryover
effects.”

In 2005, Poulet et al*® replicated
the study by McIntosh et al®®
supporting the use of TMS to treat
auditory hallucinations. This study
involved 10 patients with treatment-
resistant auditory hallucinations in a
double-blind crossover design. The
active TMS treatment involved 1Hz
TMS over the left temporo-parietal
cortex with a stimulus of 90 percent
of the motor threshold, receiving
10,000 stimuli over five days with a
one-week washout before one week
of sham treatment. Auditory
hallucinations were assessed using
the Auditory Hallucination Rating
scale (AHRS),'” which revealed a
significant decrease in scores during
the active phase as opposed to
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sham. There was a mean
improvement in AHRS scores of 56
percent in five days. TMS at low
frequency provided significant
benefit in reducing auditory
hallucinations. The dose (i.e., pulses
delivered) of TMS was higher than in
previous trials. These findings were
consistent with the Hoffman et al™*
study in 2003. Similar to Hoffman’s
findings, it was also noted that
patients on anticonvulsant
medications did not respond as well
to treatment.'

Between 2005 and 2007, a
plethora of studies was published in
the area of TMS treatment for
auditory hallucinations.’®* Chibbaro
et al'® reported a significant long-
term reduction in auditory
hallucinations in 16 patients with
schizophrenia. These patients were
taking atypical antipsychotics and
were treated with TMS, with a
return to baseline in their sham
group. In 2005, Lee et al* reported
that both left- and right-sided TMS
applied at low frequency
significantly reduced auditory
hallucinations in a group of 39
patients with schizophrenia and
treatment-refractory auditory
hallucinations. Brunelin et al*
reported significant reduction in
auditory hallucinations in 24 right-
handed, treatment-refractory
patients with schizophrenia who
were treated with TMS. These
patients were randomly selected into
sham or active treatment groups for
r'TMS to the left temporoparietal
cortex. In 2006, Jandl et al*
conducted a randomized, crossover,
sham-controlled trial of TMS over
the left and right temporo-parietal
cortex in 16 patients with auditory
hallucinations but not necessarily
schizophrenia. Five patients who
only received treatment of the left
hemisphere responded. Group mean
hallucination scores did not differ
across treatment conditions. Bagati
et al*® conducted a study in 2009
that included 40 patients with
schizophrenia who were randomized
to either an experimental group or a
control group. Both groups were



treated with standard antipsychotics
following a 10-day experimental
phase in which the experimental
group received low frequency TMS
over the left temporo-parietal
cortex. Auditory hallucinations were
significantly reduced in the
experimental group of patients.
Vercammen et al* reported
significant reduction in hallucination
frequency in patients with
schizophrenia who received TMS to
the left temporo-parietal region, as
well as a reduction in self-reported
affective responsiveness in patients
who received TMS to bilateral
temporoparietal regions.

There have also been a number of
negative studies on the use of TMS
in patients with schizophrenia.***
Fitzgerald et al* did not find a
difference in therapeutic effect in
domains such as frequency,
duration, location, intensity, and
disruption of voices between the
active and sham groups of 20
patients with either schizophrenia or
schizoaffective disorder who
suffered from moderate to severe
treatment-resistant negative
symptoms. However, they did report
a significant reduction in the
loudness of hallucinations. In 2006,
Saba et al® treated 18 patients with
schizophrenia and refractory
auditory hallucinations with TMS for
10 days. TMS was applied over the
left temporoparietal cortex with a
stimulus of only 80-percent motor
threshold. The authors reported no
significant differences between the
active and sham groups. Rosa et al*
reported safe administration of TMS
concurrently with clozapine in 11
patients with schizophrenia but did
not reveal significant reduction in
auditory hallucinations. A large
randomized trial* in 2011 using fMRI
to guide TMS treatment site failed to
produce positive results in reducing
severity of auditory hallucinations.
This study involved 63 patients who
specifically suffered from treatment-
resistant auditory/visual
hallucinations. In 2011, a study by
DelJesus et al*® was done using TMS
on 17 patients with refractory

schizophrenia who suffered from
auditory hallucinations and were
being treated with clozapine. The
authors reported no significant
reduction in auditory hallucinations
using TMS.

In total, we found sixteen
controlled studies and two open-label
studies using low frequency TMS.'**
Of the randomized, controlled
studies, 10 studies involving a total
of 257 subjects with psychosis
revealed positive results in treating
auditory hallucinations with TMS,
while eight studies involving a total
of 284 subjects with psychosis did
not show any efficacy using TMS.

Meta-analyses. A meta-analysis
done by Aleman et al* in 2007
analyzed data from 10 sham-
controlled trials of low frequency
TMS applied to treat auditory
hallucinations in schizophrenia. Pre-
versus post-treatment mean
standardized effect size was reported
0.76, supporting a robust efficacy of
this modality in reducing the severity
of auditory hallucinations. A second
meta-analysis on the same topic was
done in 2009 by Freitas et al,* which
further bolstered the evidence in
support of using TMS to treat
auditory hallucinations in
schizophrenia. Pre- versus post-
treatment effect within the two arms
of treatment was 1.28. Similar to
Aleman’s findings, the effect size for
sham-controlled studies was 1.04
(large treatment effect). Both
analyses®® provide evidence for a
significant and robust effect on
auditory hallucinations in patients
with schizophrenia. TMS was used to
stimulate the left temporo-parietal
cortex at low frequencies. However,
as we indicated above, when the
broader literature base is taken into
consideration, a total of 10 studies
yielded positive results whereas eight
did not.

A systematic review done by
Soltema® in 2013 compared 25
randomized, control trials using the
severity of the hallucinations or
psychosis as the primary outcome
measure. No differences were seen
with the severity of psychosis. The

severity of hallucinations was
significantly reduced with paradigm
of left temporoparietal TMS at 1hz.
Other paradigms were measured, and
were unable to make a difference in
hallucination severity.

A review of controlled and
uncontrolled studies in the treatment
of auditory hallucinations using low
frequency TMS to the left temporo-
parietal cortex supports the
hypothesis that TMS can reduce
these symptoms.?** Results vary
across studies and this could be
attributed to the heterogeneity of
study methodology. There is some
indication that the dose of TMS has
some bearing on the efficacy. One
out of three reviewed studies that
used a dose of 80 percent of motor
threshold showed positive results
(33%) in reducing auditory
hallucinations, while seven out of 12
reviewed studies that used 90
percent of MT dose (68%) and both
of two reviewed studies (100%) that
used a dose of 100 percent or more
than motor threshold showed
positive results in reducing auditory
hallucinations. However, more data
are necessary to understand the
relationship between the dose of
TMS and efficacy in treating auditory
hallucinations. In addition, the other
factors that are likely to impact the
efficacy of TMS include treatment-
resistant symptoms, use of
associated medication, such as
anticonvulsants. As TMS is a well
tolerated treatment with no major
complications or neurocognitive
impairment, it is potentially an
attractive treatment modality for
treatment-resistant auditory
hallucinations.

Table 1 lists the reviewed
literature on use of TMS for
treatment of auditory hallucinations
in schizophrenia.

TMS for negative symptoms.
Clinical studies. The treatment of
negative symptoms of schizophrenia
with high frequency TMS has shown
significant results overall. Ten
randomized, controlled trials are
published in the literature (=228
subjects), five of which have
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TABLE 1. TMS treatment for auditory hallucinations in schizophrenia

AUTHOR/DATE N LOCATION
Hoffman/2003 24 LT-P
Mclntosh/2004 16 L T-P
Poulet/2005 10 LT-P
Chibbaro/2005 16 LT-P
Lee/2005 39 L&R T-P
Brunelin/2006 24 LT-P
Jandl/2006 16 L&R T-P
Bagati/2009 40 LT-P
peammen/ 38 R&LT-P
Saba/2006 18 LT-P
Rosa/2007 11 LT-P
Slotema/2011 62 LT-P

TOTAL # OF

o LAlT PULSES

HERTZ

RESULTS OF STUDY COIL TYPE

0t weon e
&0 T o s Eoht
00 P g Egnt
a0 GO T
LI i P
0 e Egnt
00 S0 e ot difer orowp o group EON
0 ko e g ot
" 1 14.400 érl;llysignificantly reduced in L T-P Ellglrl]{e of
30 1 3,000 No group differences found Egﬂ{e of
90 1 9,600 No group differences found Eglﬁ{e of
90 1 18,000  No group differences found Eglﬁ{e of

Abbreviations: MT: motor threshold; ND: no data; AHRS: Auditory Hallucination Rating Scale; PANSS: Positive and Negative Syndrome Scale;
PSYRATS: Psychotic Symptoms Rating Scale; AH: auditory hallucinations; SAPS-NS: Scale for the Assessment of Positive Symptoms-

Negative Symptoms; L T-P: left temporo-parietal cortex; L&R T-P: left and right temporo-parietal cortex; L or R T-P: left or right temporo-

parietal cortex

detected positive results in
improving negative symptoms of
schizophrenia.**

The very first study of TMS for
negative symptoms was carried out
in 2000 by Rollnik et al.** In a double-
blind, crossover study, 12 patients
with schizophrenia were treated with
two weeks of daily left prefrontal
TMS versus two weeks of sham
stimulation, yielding a significant
decrease in the Brief Psychiatric
Rating scale (BPRS)® with active
TMS. Another study by Hajak et al in
2004* conducted a sham-controlled
study of 20 patients with

schizophrenia who received high
frequency TMS over 10 days to the
left dorsolateral prefrontal cortex. At
the end of the study, functional
neuroimaging was performed. There
was a significant reduction in
negative symptoms and depressive
symptoms, while positive symptoms
seemed to worsen. However, no
changes were noted on the
neuroimaging. Goyal et al® showed
improvement of negative symptoms
in their double-blind, sham-
controlled study of 10 right-handed
patients diagnosed with
schizophrenia. Prikryl et al*® also
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found improvement in negative
symptoms in their randomized,
sham-controlled study of 22 patients
with schizophrenia who had
prominent negative symptoms and
were stabilized on antipsychotic
medication. Schneider et al*” used
10Hz TMS at 110 percent of the
motor threshold over the left
dorsolateral prefrontal cortex in 51
patients with schizophrenia, which
showed significant benefit in
reducing negative symptoms as well
as neurocognitive deficits. Cordes et
al® found mild to moderate benefit
using 10Hz stimulation at 110-




TABLE 2. TMS treatment for negative symptoms in schizophrenia

AUTHOR/DATE LOCATION
Rollnick/2000 12 Left DLPFC
Hajak/2004 20 Left DLPFC
Goyal/2007 10 Left DLPFC
Prikryl/2008 22 Left DLPFC
Sonpeider! 17 Left DLPFC
Cordes/2010 35 Left DLPFC
Holi/2004 2 Left DLPFC
Novak/2006 16 Left DLPFC
giééggerald/ 20 BL DLPFC

% MT HERTZ PSL%FES RESULTS OF STUDY COIL TYPE
80 20 8000 sPr?;:]tqivsequF;EtSs ratings for active vs. Egme of
0 oo DSSdowdmomertal - foved
110 10 10,000 gs}sui showed improvement in active Eglﬁ? of
110 10 99500 Sf;/;preduction in PANSS in active Ellglﬁ:e of
o0 me  SSmmumenad o
M0 owo  Cssbrou st foved
100 10 10000 gr%;,)ASNSS difference found between Eglﬁ;e of
90 20 20000 gr(()) lI:[ﬁ;NSS difference found between E:glrll;e of
110 10 15000 tsrégl:ltgddgdmnuos show improvement in E:gtrjl;e of

MT: motor threshold; PANSS: Positive and Negative Syndrome Scale; SANS: Scale for the Assessment of Negative Symptoms; SAPS: Scale

for the Assessment of Positive Symptoms; MADRS: Montgomery-Asberg Depression Rating Scale; CDSS: Calgary Depression Scale for
Schizophrenia; L DLPFC: left dorso-lateral prefrontal cortex; R&L PFC: right and left prefrontal cortex

percent motor threshold in a sham-
controlled trial of 35 individuals with
chronic schizophrenia.

In a group of 22 chronic,
hospitalized patients with
schizophrenia, high frequency TMS
was not found to have a therapeutic
effect.” Novak et al* in 2006 were
unable to show that high frequency
TMS over the left dorsolateral
prefrontal cortex would reduce
negative symptoms in 16 patients
with schizophrenia who had
predominant negative symptoms and
were stabilized on antipsychotic
medication. This study only used 90-
percent motor threshold with a total
of 2000 stimuli per session. Although
Mogg et al* did not see improvement
in negative symptoms, they did see
some improvement in cognitive
function in their study of 17 right-

handed patients with schizophrenia
who were treated with TMS. In a
two-armed, double-blind,
randomized, controlled trial,
Fitzgerald et al* investigated the
efficacy of bilateral high frequency
TMS to treat moderate-to-severe,
treatment-resistant negative
symptoms in 20 patients with
schizophrenia or schizoaffective
disorder. The authors found no
substantial benefit. This study used
bilateral high frequency TMS as
compared to many trials where TMS
is used unilaterally. Also, this study
had a three-week treatment period,
which may be too short of a course
for longstanding negative symptoms
of schizophrenia.

Meta-analyses. Opinions vary as
to the effectiveness of high
frequency TMS in treating negative

symptoms of schizophrenia. A meta-
analysis completed in 2009 that
included eight studies of high
frequency (10Hz) stimulus applied to
the left dorsolateral prefrontal cortex
in patients with schizophrenia
showed an effect size of 0.58." When
three open-label trials were excluded
from analysis, the effect size for the
controlled studies dropped to 0.27.
This was appropriately interpreted
by the authors as a marginal effect. A
second meta-analysis examined
seven controlled studies of high
frequency to the left dorsolateral
prefrontal cortex in patients with
schizophrenia and reported an effect
size of 0.63.* As effect sizes for
antipsychotic medication treatment
of negative symptoms range from
0.17 to 0.21, those of TMS ranging
from 0.27 to 0.63 are encouraging.
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Table 2 lists the reviewed
literature on use of TMS for
treatment of negative symptoms of
schizophrenia.

SAFETY OF TMS

In 2007, in a multicenter study,
researchers looked at safety and
efficacy of TMS in the treatment of
major depression.! Of the 301
subjects in th study, the only
adverse event attributed to TMS at a
rate higher than placebo/sham was
scalp discomfort (occurring in 38.5%
of subjects for a 1-week period at
the start of the TMS course). No
seizures occurred.'

SUMMARY

Based on our examination of the
literature from the past 15 years, we
conclude that the use of TMS in
schizophrenia has its greatest
efficacy in treating auditory
hallucinations. The frequency and
severity of auditory hallucinations, in
particular, may be decreased by
targeting low frequency TMS stimuli
to Wernicke’s area in the left
temporo-parietal cortex. Since 20
percent of patients with
schizophrenia experience treatment-
resistant auditory hallucinations,*
further studies to assess the efficacy
of TMS in both inpatient and
outpatient populations are merited.

Based on our examination of the
literature, reduction of negative
symptoms using high frequency TMS
to the dorso-lateral prefrontal cortex
is encouraging given our current
lack of treatment options for these
debilitating symptoms. Positive
results in reducing cognitive
symptoms in schizophrenia are also
promising and warrant further study
of the efficacy of TMS on cognitive
symptoms of schizophrenia.
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